Postmenopausal hyperandrogenism is a state of relative or absolute androgen excess originating from either the adrenals and/or the ovaries, clinically manifested as the appearance and/or increase in terminal hair growth or the development of symptoms/signs of virilization. In either settings, physicians need to evaluate such patients and exclude the presence of the relatively rare but potentially life-threatening underlying tumorous causes, particularly adrenal androgen-secreting tumors. It has been suggested that the rapidity of onset along with severity of symptom and the degree of androgen excess followed by relevant imaging studies may suffice to identify the source of excessive androgen secretion. However, up to date, there is no consensus regarding specific clinical and hormonal indices and/or imaging modalities required for diagnostic certainty. This is particularly relevant as the aging population is increasing and more cases of postmenopausal women with clinical/biochemical evidence of hyperandrogenism may become apparent. Furthermore, the long-term sequels of nontumorous hyperandrogenism in postmenopausal women in respect to cardiovascular morbidity and mortality still remain unsettled. This review delineates the etiology and pathophysiology of relative and absolute androgen excess in postmenopausal women. Also, it attempts to unravel distinctive clinical features along with specific hormonal cut-off levels and/or appropriate imaging modalities for the facilitation of the differential diagnosis and the identification of potential long-term sequels.
Introduction
The postmenopausal ovary remains hormonally active, secreting significant amounts of androgens and relatively fewer estrogens years after menopause (1) . Although estrogen levels are reduced abruptly after menopause, androgen secretion declines gradually with aging and is maintained until later stages of life (2, 3) . Androgen secretion in pre-and postmenopausal women depends on luteinizing hormone (LH) stimulation; after menopause the substantially increased gonadotropin levels maintain ovarian androgen secretion besides the substantial estrogen demise (2, 3) . This imbalance between estrogens and androgens after menopause is amplified further by the evolving decrease in sex hormone-binding globulin (SHBG) concentrations and the subsequent increase in free androgen index (4) . In both pre-and postmenopausal women, androgen secretion may be exacerbated further in the presence of insulin resistance (IR) and hyperinsulinemia, mostly found in obese women, with insulin acting as a co-gonadotropin (5) . This state of relative androgen excess is biochemically best identified with the measurement of serum testosterone levels that only rarely exceed those found in premenopause (i.e. !40 ng/dl or 1.38 nmol/l) (6) . After menopause, even such testosterone levels may lead to the development or re-appearance of hyperandrogenic symptoms clinically evident mainly in the skin as the appearance of a few terminal hairs in the face and decrease in body and scalp hair (7) . However, the development of true hirsutism, alopecia, and/or acne should not be regarded as normal, and search for preexisting or undiagnosed causes of postmenopausal hyperandrogenism should be undertaken (7, 8) . When hirsutism is more severe and/or accompanied by symptoms/signs of virilization such as male type balding, deepening of the voice, and/or clitoromegaly ( Fig. 1) , a tumorous source of excessive androgen secretion originating from either the adrenals or the ovaries should be excluded (7, 8) . Recently, cases of tumorous hyperandrogenism co-exhibiting features of erythrocytosis, thromboembolism, and sleep apnea have also been described highlighting the ability of these tumors to co-secrete other biologically active substances (9) . The differential diagnosis between tumorous and nontumorous causes of hyperandrogenism is particularly important as adrenal androgen-secreting tumors can be highly malignant and potentially lifethreatening (10, 11) . Although markedly elevated androgen levels, that define a state of absolute hyperandrogenism, are thought to be associated with tumorous hyperandrogenism, other causes of excessive androgen secretion, such as hyperthecosis and exogenous androgen administration, should also be considered (7, 8) .
The identification of the exact cause of androgen excess in postmenopausal women may not always be evident, necessitating employment of a combination of clinical skills accompanied with appropriate laboratory indices and/or imaging techniques. However, the extent of laboratory investigation, the imaging modalities required, and the androgen cut-off levels that need to be employed for differential diagnosis are not clearly defined. In fact, there is a paucity of studies addressing these issues in postmenopausal hyperandrogenic women (7, 8, 12) . 
Causes of hyperandrogenism after menopause
The causes of hyperandrogenism in postmenopausal women are diverse and can be generally categorized as nontumorous or tumorous (Table 1) . Although normal androgen cut-off levels have not been precisely established for menopause, it is generally accepted that they do not exceed those of premenopausal women (6, 13) . However, androgen levels are consistently higher in patients with nontumorous hyperandrogenism compared with nonhyperandrogenic postmenopausal women (14, 15) . Relative and occasionally absolute hyperandrogenism in postmenopause, defined as testosterone levels only modestly O40 ng/dl, is most commonly the result of nontumorous causes which usually pre-exist and may be aggravated by the physiological changes occurring in menopause (7) . Tumorous hyperandrogenism is suspected when testosterone levels are O100-140 ng/dl and is usually associated with abrupt onset and rapid evolution of symptoms or virilization (Fig. 1) . However, there is a wide variation in testosterone cut-offs employed between the different studies mainly due to the relative paucity of data in postmenopausal women (12, 16, 17, 18) .
Nontumorous hyperandrogenism

Polycystic ovary syndrome
Polycystic ovary syndrome (PCOS) is the most common cause of hyperandrogenism in women of reproductive age diagnosed on the basis of specific clinical, biochemical, and/or morphological criteria (19) . However, PCOS in postmenopausal women is not well defined (19, 20) , as no robust criteria are currently available and only recently age-based criteria for the definition of PCOS have been proposed (21) . Androgen excess in PCOS is mainly attributed to increased androgen production by the theca cells (22) under the stimulatory effect of LH and/or insulin that acts as a co-gonadotropin (5); a fraction of women with PCOS also has adrenal androgen excess, as shown by elevated DHEAS levels (23) . In women with PCOS, symptoms usually start in adolescence and gradually progress during reproductive years (24) , with their severity depending on the presence of IR and obesity that is also associated with an increased risk for metabolic abnormalities (25) . Although in perimenopause there is an amelioration of the clinical and laboratory features of PCOS (26, 27) , elevated androgen levels of both ovarian and adrenal origin continue to persist during early postmenopause (14) and remain elevated up to late menopause without exceeding premenopausal levels (28) . Although other androgens such as androstanediol glucuronide may also be implicated particularly in the development of hirsutism, there is no data on their potential effect in postmenopausal women with PCOS (29) . However, there is controversy as to whether premenopausal metabolic abnormalities found in women with PCOS persist after menopause (30) and predispose these patients to higher risk for cardiovascular disease (CVD) (31) and hormonedependent malignancies (32) .
Enzymatic deficiencies (congenital adrenal hyperplasia)
Enzymatic deficiencies causing adrenal hyperplasia and excessive androgen production are mainly due to 21-hydroxylase and rarely due to 3b-hydroxysteroid dehydrogenase and 11b-hydroxylase deficiencies (33, 34, 35) . Nonclassic adrenal hyperplasia (NCAH) arising from 21-hydroxylase deficiency is found in 1-10% of hyperandrogenic women, depending on ethnicity, and is associated with elevated 17-hydroxy-progesterone (17-OHP) and adrenal androgen levels (33) . The symptoms/signs are usually mild and progressive, mimicking PCOS and may develop at a later stage. The prevalence of hirsutism in women with NCAH increases with age, and the degree of hyperandrogenism may worsen in postmenopausal women (36) in contrast to the amelioration found with aging in women with PCOS (26, 27) . In addition, patients with adrenal hyperplasia may also have IR and hyperinsulinemia contributing further to the unfavorable metabolic profile of menopause (37) . The majority of women with congenital adrenal hyperplasia (CAH) presenting in the menopausal period usually have a mild phenotype as a response to long-term treatment with glucocorticoids. However, patients with classic CAH inadequately treated may also present in postmenopause with symptoms/signs of hyperandrogenism, although most of such cases are diagnosed and treated at a much younger age (38) .
Ovarian hyperthecosis
Ovarian hyperthecosis (OH) is a non-neoplastic disorder mainly diagnosed in postmenopausal women mimicking the clinical manifestations and metabolic sequel of PCOS (15, 39) . Although the precise etiology is not known, it is thought to be related to elevated postmenopausal gonadotropin levels (40) . Women with OH typically present with a long history of slowly progressive hyperandrogenism often resulting in virilization. Their hormonal profile is characterized by markedly increased serum testosterone levels (O150 ng/dl) in the absence of other elevated androgens, accompanied with high gonadotropin levels (39, 40, 41) ; ultrasound examination usually reveals bilaterally bigger than normal postmenopausal ovaries (mean size 7.7G2.3 vs 2.3G0.01 ml respectively) (39, 42, 43) . The diagnosis is confirmed histologically demonstrating the characteristic nests of differentiated ovarian interstitial cells into steroidogenically active luteinized stromal cells throughout the ovarian stroma (44) . In the majority of patients, severe IR and hyperinsulinemia occurs, enhancing ovarian androgen production and leading to clinical manifestations such as central obesity, skin tags, and acanthosis nigricans (45) . Overall, the hormonal and metabolic aberrations related to OH contribute significantly to an increased risk for type 2 diabetes and CVD (39, 46) , while the extensive peripheral aromatization of androgens increases the risk for endometrial hyperplasia and carcinoma (47) .
Endocrinopathies
Endocrinopathies such as Cushing's syndrome (CS) and acromegaly may also be diagnosed after menopause and cause symptoms/signs of androgen excess albeit with biochemically relative hyperandrogenism (41) . Hirsutism can be found in w50% of patients with CS mainly attributed to adrenal androgen excess (48) ; endogenous hypercortisolism also correlates positively to free androgen levels probably due to SHBG reduction (48) . In contrast to CS secondary to adrenal carcinomas, signs of hyperandrogenism are usually mild in women with the adrenocorticotropin-dependent CS and are virtually absent in women with adrenal adenomas (49) . Acromegaly is a rare cause of hyperandrogenism in women, although hirsutism and less commonly acne can be found in up to 50% of the patients (50) . Growth hormone (GH) hypersecretion induces a state of ovarian hyperandrogenism that along with the increased insulin-like growth factor 1 levels and concomitant hyperinsulinemia stimulate ovarian testosterone production (51) . In addition, GH levels correlate negatively with SHBG levels, contributing to elevated free androgen levels (50) . A number of other, albeit relatively rare, endocrinopathies usually diagnosed before menopause may also present at the postmenopausal period with symptoms and/or signs of hyperandrogenism necessitating increased awareness (29) . The patients with glucocorticoid resistant states or altered glucocorticoid metabolism may be diagnosed at a later stage, as well as patients with androgen insensitivity (AI) states (29) . Indeed, although the diagnosis of AI is generally made during the first decades of life in patients presenting with bilateral inguinal hernia or amenorrhea, a 70-year-old patient with complete AI has recently been described (52).
Iatrogenic hyperandrogenism
Iatrogenic or self-administration of androgenic drugs and supplements can induce symptoms and signs of hyperandrogenism via an increase in circulating androgen levels or an intrinsic androgenic activity of the drug. Drugs most commonly responsible for this include androgens, anabolic steroids, and antiepileptics (53) . The use of testosterone or DHEA supplementation for the treatment of menopausal and androgen-deficiency-related symptoms may lead to frank hyperandrogenism. The antiepileptic drug valproic acid (VPA) has also been found to stimulate directly ovarian androgen biosynthesis in vitro (54) . Epidemiological studies have shown that prolonged VPA treatment increases the risk of developing a PCOS-like clinical and biochemical phenotype (55) , whereas oxcarbazepine has been associated with biochemical hyperandrogenism as well (56) .
Tumorous hyperandrogenism
Although relatively rare, androgen-secreting neoplasms originating from either the adrenals or the ovaries are potentially life-threatening causes of androgen excess, and some occur more frequently in postmenopausal women. Androgen-secreting neoplasms are usually associated with absolute hyperandrogenism (testosterone levels O100-140 ng/dl); this relatively broad range of testosterone cut-offs reflects the wide variation of testosterone levels in the different studies and the lack of meticulous registration of such patients (7, 8, 12, 17, 18) . The androgen-secreting neoplasms usually have distinct clinical features and have traditionally been associated with a rapid onset of signs and symptoms resulting in various degrees of virilization (7, 8) .
Androgen-secreting adrenal tumors
The androgen-secreting tumors of adrenal origin have an incidence of w1-2 cases/million population per year, affecting mostly women at perimenopause or menopause; they are usually malignant, although benign tumors have also been reported (10, 11) . Androgen-secreting adrenal carcinomas are considered gonadotropin independent, although rare exceptions do exist (11) . These tumors characteristically produce androgens (mainly testosterone and DHEAS) and many steroid precursors, either exclusively or in association with cortisol, resulting in a clinical phenotype of mixed androgen and cortisol excess. Approximately, 25% of patients present with a combination of virilization and hypercortisolism, whereas !10% present solely with virilization (57, 58) . The few studies that have specifically evaluated postmenopausal women (nZ9) with adrenal androgen-producing tumors have verified their malignant potential and prognosis depending on Weiss score and disease extent (10, 11) . In these studies, signs of virilization were present in only a few patients, tumor size ranged between 4 and 21 cm (mean 11.5 cm), whereas testosterone was shown to be the most consistently elevated androgen with mean levels that were 8.5 times higher than normal (10, 11) . Although tumor size and/or testosterone levels were higher in patients with malignant tumors, these parameters could not reliably distinguish them from benign tumors as the number of patients studied was relatively small (10, 11).
Androgen-secreting ovarian tumors
The androgen-secreting ovarian tumors arise from the sex cord cells that surround the oocytes, but some may also originate from the stroma (59). The sex cord-stromal tumors are relative rare, comprising 5-8% of all ovarian neoplasms, and are subdivided further according to the cell of origin; less than half are androgen secreting (Table 2 ) (59, 60). The Sertoli-Leydig cell tumors (androblastomas) account for !0.5% of all ovarian tumors, and although can occur at any age, approximately one-fourth present after menopause (61, 62) . These tumors exhibit a variable composition of Sertoli, Leydig, and fibroblastic cells; androgenic manifestations are more common in the absence of heterologous elements and virilization is found in at least one-third of the patients (61, 62, 63) . The Sertoli-Leydig cell tumors are of relatively large size, generally unilateral and are mainly confined to the ovary at the time of diagnosis; staging is described similarly to that of other ovarian cancers (62) . These tumors are rarely malignant depending also on the degree of differentiation, while some may exhibit early recurrence following surgical resection. Pure Leydig cell tumors are mostly androgen-secreting (64), whereas pure Sertoli cell tumors usually secrete estrogens (65) . The hilus cell tumors 
www.eje-online.org are extremely rare (0.02% of all ovarian tumors) with presentation at a mean age of 58 years. They are composed of Leydig cells arising from the ovarian hilus, which exert significant steroidogenic activity leading to highly elevated testosterone levels (59, 66) . Postmenopausal bleeding, hirsutism, and often virilization are the main clinical manifestations, whereas malignant transformation has been reported in very few cases (59) . Primary granulosa cell tumors account for 2-3% of all ovarian tumors and are mostly found during the sixth decade of life (67) . Although the majority are diagnosed at an early stage (stage I) and thus exhibit a good prognosis, late recurrences and dissemination necessitating systemic chemotherapy may occur. Granulosa cell tumors mainly secrete estrogens leading to postmenopausal bleeding, endometrial hyperplasia, and endometrial carcinoma; however, w10% may secrete androgens and cause virilization (67, 68) . In addition to estradiol and testosterone, inhibin and anti-Müllerian hormone can be used as specific tumor markers for granulosa and Sertoli cell ovarian tumors (69, 70) . It must be emphasized that the majority of ovarian androgen-secreting tumors is of relatively large size, ranging between 3 and 12 cm at diagnosis, and only a small minority may elude detection with current imaging modalities. Besides sex cord-derived tumors, androgen secretion may be the result of ovarian metastases from neuroendocrine tumors, other malignancies, and serous cystadenomas that are not known to be steroidogenic. In such cases, ectopic secretion of b-hCG has been speculated to stimulate the steroidogenic cells through a paracrine mechanism (71), whereas serous cystadenomas may lead to surrounding stromal hyperplasia similarly to metastases from other malignancies that can present with the same manner (72) .
Diagnosis and differential diagnosis
The diagnosis of hyperandrogenism after menopause is based on clinical suspicion, detailed history, and physical examination and is substantiated further by biochemical and morphological confirmation (Fig. 2) . The onset, progression, and severity of symptoms/signs of hyperandrogenism need to be clarified. The causes of 'nontumorous hyperandrogenism', such as PCOS and NCAH, so called functional hyperandrogenism, are clinically manifested before menopause. In such cases, hirsutism and/or alopecia may even worsen during peri-menopause and early menopause (7) and are mostly associated with relative hyperandrogenism (14) . The lack of premenopausal hyperandrogenic symptoms and symptom onset after menopause are not consistent with aggravation of previously present or unrecognized forms of functional hyperandrogenism (7) . Clitoromegaly (clitoral size O1.5! 2.5 cm) and other signs of virilization should always direct toward OH or an androgen secreting neoplasm even if symptom progression is not rapid (73) . However, the clinical phenotype alone cannot reliably discriminate tumorous from nontumorous causes of hyperandrogenism (12) . Conversely, a florid clinical phenotype may be suggestive of an underlying endocrinopathy such as CS or acromegaly, although mild cases may be diagnosed with substantial delay (48, 50) . When the underlying cause is CAH or NCAH basal or stimulated 17-OHP levels usually suffice to make the diagnosis (38) . Very high serum testosterone (O150-200 ng/dl) and/or DHEAS (O6000 ng/ml) levels are more in favor of an androgensecreting tumor of ovarian and adrenal origin respectively, whereas testosterone appears to be the most consistently raised androgen (17, 74) . Although similarly high testosterone levels may also be found in women with OH, distinguishing between these two entities may not always be possible, whereas other than testosterone raised androgen levels are more in favour of a tumor. However, these cut-offs have been obtained from series that have included both pre-and postmenopausal hyperandrogenic women and their predictive value varies considerably (18) . In order to improve the diagnostic accuracy of raised serum androgens, the testosterone response to dexamethasone administration has been used based on the rationale that elevated testosterone levels due to adrenal or ovarian tumors are not responsive to dexamethasone administration (17, 18) . However, lack of suppression of testosterone levels may similarly occur in nontumorous cases, as a O40% testosterone reduction following a formal low dose dexamethasone suppression test was found in only 88% of them (18) . Although administration of gonadotropin-releasing hormone (GnRH) analog administration has been shown to normalize elevated testosterone levels in patients with hyperandrogenism of ovarian origin, this test cannot distinguish between androgen-secreting tumors and OH (75, 76) . However, the use of both these tests is not considered to be a reliable mean to delineate the cause of hyperandrogenism (8) .
The presence of symptoms along with absolute biochemical hyperandrogenism requires utilization of relevant imaging modalities to exclude an androgensecreting tumor. The ovarian tumors are usually large and can be identified with transvaginal ultrasonography and/or magnetic resonance imaging (MRI). It has been suggested that MRI may be more sensitive and specific than ultrasonography in the identification of ovarian tumors, as it has shown the highest positive and negative predictive value (78 and 100% respectively) in the largest and most detailed study evaluating postmenopausal women with and without tumorous hyperandrogenism (12) . Occasionally, some tumors may be of relatively small size and elude radiological detection (18) . In such cases, asymmetry of the ovaries may be suggestive of an underlying tumor, but the chance that such tumors may be malignant is virtually zero (12, 18) . Although adrenal tumors are less common than ovarian, they are usually of large size exhibiting distinct radiological features and can easily be identified with computed tomography or MRI (77) . A potential pitfall is the detection of an adrenal adenoma that is found with a prevalence of up to 7% in the elderly population; however, this is usually not the cause of excessive androgen secretion (77) . In such cases adrenal and ovarian venous catheterization and sampling, although tedious, may be helpful in delineating the source of androgen hypersecretion (8) . However, this technique requires prompt catheterization of all four veins and should be performed in centres with additional expertise (78) . Up to date a single multicenter study evaluating 22 postmenopausal hyperandrogenic women in whom histology was available has specifically tried to identify clinical, biochemical, and imaging features that could distinguish between tumorous (nZ10) and nontumorous (nZ12) causes (12) . The signs of virilization, although most commonly encountered in patients with tumors, were also found in patients without tumors; conversely, patients with tumors presented only with hirsutism (12) . Testosterone was the most commonly raised androgen and although mean testosterone levels were higher in patients with tumors, there was considerable overlap as patients with virilization and testosterone levels of 370 ng/dl had normal histology, whereas patients with tumors had testosterone levels as low as 50 ng/dl; however, only two patients with tumors had testosterone levels !100 ng/dl (12) . Of interest, the immunohistochemical analysis in hyperandrogenic patients without tumors revealed an increased number of ovarian androgen-producing cells. The same authors calculated that the likelihood ratio of a patient having an androgen-secreting tumor was 8.4 and 10.8 times higher for a testosterone level O140 ng/dl and a follicle-stimulating hormone level !35 IU/l respectively (12).
Treatment
Treatment options for hyperandrogenism in postmenopausal women are based on the underlying cause and are summarized in Table 3 . In cases of nontumorous hyperandrogenism of functional etiology, such as PCOS or NCAH, patients can be treated medically with antiandrogens such as cyproterone acetate, spironolactone, and flutamide (79) . Additional local therapies can also be applied. Patients with classic CAH are effectively treated with hydrocortisone and this usually ameliorates the clinical phenotype; patients with NCAH may be treated similarly to PCOS, although in rare cases hydrocortisone may also be needed (38) . Although the effect of metformin on steroidogenesis in postmenopausal women is not known, it may be of value in insulin-resistant hyperandrogenic women along with lifestyle modifications such as diet and regular exercise, especially in the presence of obesity (79) . Iatrogenic hyperandrogenism is managed by discontinuing the medication or supplement use. In patients with underlying endocrinopathies, such as CS and acromegaly, tumor-directed treatments are employed according to published guidelines (80, 81) . Hyperandrogenism related to OH can be treated either by bilateral oophorectomy or GnRH analogs; such treatment has been shown to improve symptoms and may ameliorate concomitant metabolic abnormalities (39, 40, 76) . Postmenopausal women with androgen-secreting ovarian neoplasms typically undergo surgical treatment because such tumors are diagnosed with early-stage disease; GnRH analogs can be administered when patients are not suitable candidates for surgery or when the radiological presence of a tumor has not been confirmed (76) . Adrenal androgen-secreting-tumors should be treated aggressively because they present the most life-threatening androgensecreting tumor and their prognosis is directly related to the stage of the disease. Adjuvant treatment with mitotane and chemotherapy may be needed for patients with extensive disease (82) .
Sequels
Androgens play a significant role in women as key regulators of cardiovascular, bone, and brain functions, and hyperandrogenism has important implications in the physical and psychological well-being of postmenopausal women. In women, CVD rates begin to escalate in the fifth decade of life with an additional increase in mortality secondary to coronary events (83) . It has previously been suggested that androgen levels at the higher physiological range as well as androgen excess increase the risk for CVD in both pre-and postmenopausal women (84) , and that identification of individuals at risk in premenopause may (86); however, the majority of retrospective or cross-sectional studies performed have produced conflicting results (87) . A large study evaluating 104 women with self-reported history of PCOS and hyperandrogenemia showed that such patients were more often diagnosed as diabetic, obese, having the MetS and more angiographic coronary artery disease compared with those without clinical features of PCOS; in addition the cumulative 5-year cardiovascular free survival was 78.9% in women with PCOS vs 88.7% in women without PCOS (88) . However, this study was critisized due to self-reporting bias of PCOS and the fact that PCOS improves with age (26, 27) . In addition, a subsequent study of 35 women with histologically proven PCOS who were re-evaluated after a period of 21 years showed that, although women with PCOS had a higher prevalence of hypertension and triglyceride levels than controls, the prevalence of myocardial infarction, stroke, diabetes, cancer, and mortality was similar in the two cohorts (89) . Furthermore, a recent longitudinal study of 1929 women from the SWAN cohort with a follow-up period over 12 years has shown that the history of androgen excess and menstrual irregularity was not associated with worsening of the metabolic profile, thus questioning the view that concurrent hyperandrogenism and oligomenorrhea reflect cardiometabolic risk in postmenopausal women (87) . Similar data regarding the lack of any effect of highly elevated androgen levels on metabolic indices, such as insulin sensitivity and body weight, are obtained following normalization of androgen levels after surgical oophorectomy in patients with ovarian androgen-secreting tumors (90) . Although the issue is still not settled, it seems prudent to suggest that the higher prevalence of adverse cardiometabolic risk factors in hyperandrogenic pre-and postmenopausal women does not seem to increase the prevalence of CVD and/or overall mortality (87, 89, 90, 91) . After menopause, androgen levels are positively associated with an increased breast cancer risk and other gynecological malignancies (32, 92, 93, 94) . The positive correlation of elevated endogenous androgen (testosterone and DHEAS) levels with postmenopausal breast cancer is more evident in estrogen receptor-positive breast tumors (95, 96) . In contrast, higher circulating levels of bioavailable testosterone have been associated with a lower risk for estrogen receptor-negative breast tumors in postmenopausal women in some (97) , but not all studies (98) . A recent meta-analysis of all observational studies examining the risk of gynecological cancers in PCOS has concluded that women of all ages have an increased risk for endometrial, ovarian, and breast cancers, but the risk is significantly increased only for endometrial carcinoma; however, in patients younger than 54 years there is also a significant increased risk for ovarian cancer (32) .
In general, androgen levels in women are associated positively with increased bone mass density (BMD) (99, 100); however, after menopause this protective role of androgen to bone loss is less clear. In fact, free androgen levels are positively associated with BMD in women aged between 55 and 85 years (101), while the relative risk and incidence of hip fractures are higher in postmenopausal women with circulating free testosterone levels lower than normal range (102, 103) . However, although in hyperandrogenic premenopausal women with PCOS, BMD correlates positively to androgen levels and total bone mass (104) , this association does not seem to be sustained after menopause as hyperandrogenic postmenopausal women with PCOS have similar BMD as compared with normal postmenopausal women (105) .
The clinical implications of androgen levels in brain function and mood of postmenopausal women have been more extensively studied in androgen insufficiency states, where a negative association with cognition, mood, motivation, and general sense of well-being has been found (106, 107) . It seems that androgens exhibit a promoting effect on behavior and mood, whereas in elderly women, free testosterone levels correlate inversely to symptoms of depression (108) . Physical and cognitive function seem to be improved in postmenopausal women with elevated circulating testosterone levels (107, 109, 110) .
Conclusion
Hyperandrogenism after menopause is a rare condition that needs careful evaluation in order not to misdiagnose an underlying androgen-secreting tumor. Clinical phenotype and symptom onset do not reliably permit discrimination between tumorous and nontumorous causes, but may help to identify other endocrinopathies; however, in the presence of virilization an underlying tumorous cause needs to be excluded. Measurement of total testosterone levels as the sole androgen along with current imaging modalities may help to avoid a life-threatening adrenal tumor and identify the majority of ovarian androgensecreting tumors, whereas adrenal and ovarian venous www.eje-online.org catheterization and sampling should be employed only in selected cases. Although a highly sensitive and specific testosterone cut-off level to discriminate tumorous from nontumorous causes cannot be reliably defined, testosterone levels O100 ng/dl, and particularly 140 ng/dl, are more in favor of an androgen-secreting tumor or OH. Surgery remains the main curative treatment, particularly for adrenal androgen-secreting tumors and may be substantiated with adjuvant therapy, whereas GNRH analogs can be used in patients with ovarian hyperandrogenism with no obvious tumors at imaging and/or unfit for surgery. There is currently no evidence that women with functional postmenopausal hyperandrogenism are at higher risk for CVD than women without hyperandrogenism, but this issue needs to be further evaluated.
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